Abstract-One of the major challenges in trophic ecology is to understand how organisms interact with each other and to apply this knowledge to the management of populations, communities and ecosystems. Our goal was to examine fine-scale variability in the feeding habits and trophic position of yellowfin tuna (Thunnus albacares) and skipjack tuna (Katsuwonus pelamis) caught together in mixed schools by purse seine to examine the null hypothesis that the association between these 2 tuna species is not related to trophic interactions. In total, 439 yellowfin tuna and 216 skipjack tuna were collected in 3 different areas in the eastern tropical Pacific Ocean during 2005. The stomachs of both tuna species contained prey at different stages of digestion, which indicated intermittent feeding throughout the course of the day. Yellowfin tuna consumed mainly epipelagic crustaceans and mesopelagic squids, whereas epipelagic euphausiids and epipelagic flyingfish were the most abundant prey species in the stomach contents of skipjack tuna. Our results suggested that both tuna species employed an opportunistic predation strategy, but significant dietary differences showed that they occupy different trophic levels, and that there is no food competition between yellowfin and skipjack tunas in the eastern tropical Pacific Ocean.
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The eastern tropical Pacific Ocean (ETPO) is one of the most productive oceanic provinces on the planet (Picaut, 1985; Fiedler et al., 1991; Pennington et al., 2006) . The tuna fishery in the ETPO is one of the most important in the world; the 2012 annual catches of yellowfin tuna (Thunnus albacares) and skipjack tuna (Katsuwonus pelamis) exceeded 209,000 and 271,000 metric tons, respectively (IATTC 1 ).
Yellowfin and skipjack tunas are schooling species that are frequently found together in large aggregations (Scott et al., 2012) ; in the ETPO they are often co-occurring and captured by purse-seine near the sea surface. Despite intensive research on these 2 tuna species, the association between them remains unexplained. The best documented and understood association between large marine organisms in the ETPO is that between yellowfin tuna and dolphins (Stuntz 2 ; Scott and Cattanach, 1998) . The tunadolphin association appears to be a strategy to reduce the risk of predation for one or both species (Scott et al., 2012) . Associations among marine organisms can result in increased feeding success of one or both of the associated species (Nikolsky, 1963) . Yellowfin and skipjack tunas require large amounts of energy to sustain themselves (Olson and Boggs, 1986; Korsmeyer and Dewar, 2001) , and consequently previous authors have suggested that food acquisition is one factor that could explain the association of these 2 tuna species (Sund et al., 1981; Petit, 1991) . The diets of yellowfin and skipjack tunas in the ETPO have been described individually (Galván-Magaña, 1988; Román-Reyes, 2000; Olson et al., 2014) with notable intraspecific differences related to size class and time of capture (yellowfin tuna: Olson et al., 2014 ; skipjack tuna: IATTC 1 ). The diets of co-occurring yellowfin and skipjack tunas in the northern ETPO were evaluated by Alverson (1963) , and he found only a minor diet overlap owing to the consumption of pelagic red crabs (Pleuroncodes planipes) by both species. There is, therefore, a scarcity of information regarding whether competitive trophic interactions play a role in the association between yellowfin and skipjack tunas throughout the entire ETPO. Apart from documenting diet overlap and potential competition, diet studies of predatory fishes also provide valuable information on ingested prey and their spatial and temporal variation in abundance and biomass. Understanding interactions in the food web is a prerequisite for gaining insight into the role of predators, commercial fisheries, and environmental effects on ecosystem structure and dynamics. Prey species are often the central key link in such interactions (Galván-Magaña, 1999; Olson and Watters, 2003; Griffiths et al., 2013) .
The goals of our study were 1) to analyze the diets of associated yellowfin and skipjack tunas caught in the ETPO, and 2) to examine diet variability in terms of the area, season, capture time of day, and tuna size class and sex in order to assess the hypothesis that competitive trophic interactions form the basis for the association between these 2 tuna species. Our data provide important information on the feeding strategies of yellowfin and skipjack tunas on mid-trophic-level communities at various spatiotemporal scales in the pelagic ETPO.
Materials and methods
The study area was located in the ETPO between 35° and 5°N, and from 140°W to the coastline (Fig. 1) . This area is characterized by a well-developed, relatively shallow thermocline, generally less than 100 m deep and is influenced by 6 major surface currents and 4 subsurface currents (Kessler, 2006) . Zone 1 is influenced partially by the California Current. Zone 3 is influenced by the North Equatorial Current, and both zones 2 and 3 are influenced by the North Equatorial Counter Current, and the north and south subsurface Counter Current (Lavin et al., 1997) .
Samples of yellowfin and skipjack tunas were collected simultaneously from 25 purse-seine sets during 15 trips by observers from the Inter-American Tropical Tuna Commission, between January through November 2005. In the ETPO, the tuna fleet uses 3 types of capture methods: sets associated with floating objects, sets associated with dolphins, and sets associated with free-swimming schools of tuna that are not associated with floating objects or with larger marine species. The tunas were identified, the capture location, date, time of day (morning, afternoon, or evening), fork length (FL), and sex of each specimen were recorded, and the stomach contents were collected and immediately frozen.
The stomach analyses were conducted at the Centro Interdisciplinario de Ciencias Marinas in La Paz, Mexico. In the laboratory, we thawed the stomach contents and categorized the digestive state of the prey species according to the digestive levels described by Galvan-Magaña (1988) who assigned 4 digestive levels: 1=food includes recently consumed items; 2=food items with little to no skin remaining; 3=presence of fish skeletons; and 4=presence of hard structures like fish otoliths, crustacean remains, and cephalopod beaks.
For prey items (fish, crustaceans, and cephalopods) at digestive level 1, we used identification keys by Allen and Robertson (1994), Fischer et al. (1995) , and Thomson et al. (2000) ; whereas for prey items at digestive levels 2 and 3, we used the taxonomic key by Clothier (1950) , which is based on vertebral characteristics (e.g., number, position, and form of the vertebrae). Finally, prey items at digestion level 4 were identified by using keys by Fitch and Brownell (1968) for fish species, Brusca (1980) for crustaceans, and Wolff (1984) and Clarke (1986) for cephalopods.
Once the prey items were identified, the data were stratified by area (based on Galván-Magaña, 1999) , month, time of capture, sex, and size class. Size classes were divided at 85 cm FL for yellowfin tuna, with small defined as 1-85 cm FL and large defined as >85 cm FL, (Schaefer, 1998) ; and at 50 cm FL for skipjack tuna, with small defined as 1-50 cm FL and large defined as >50 cm FL (IATTC 3 ). Capture time intervals were morning (0900-1059), afternoon (1100-1359), and evening (1400-1600).
We used the program EstimateS (Colwell, 2006) to construct cumulative prey curves to determine whether the number of stomachs collected were sufficient to represent the diet of both yellowfin and skipjack tunas (Ferry and Cailliet, 1996) . The cumulative curves were generated by randomizing the species richness and abundance data (100 times) for the total number of stomachs to obtain cumulative Shannon-Wiener diversity values. Then, we calculated the coefficient of variation (CV) of the diversity values as an indicator of the degree of variability of the diet. CVs <0.05 were considered adequate for the representation of the trophic spectrum of yellowfin and skipjack tunas (Steel and Torrie, 1992) . Finally, cumulative diversity and CV values were plotted in relation to the number of stomachs analyzed.
The diet data for both species were analyzed as mean proportions by number (%MN) and weight (%MW) for individual fish, then averaged for each prey type, and multiplied by 100 (Chipps and Garvey, 2007) . Also, the index of relative importance index (IRI) was calculated with the formula described by Pinkas et al. (1971) and modified as a percentage (Cortés, 1997) :
where %N and %W = the number and wet weight of each food item as percentages, respectively; and %FO = the percentage frequency of occurrence (presence-absence) of each food item in all stomachs that contained food.
The diet breadth (B i ) of yellowfin and skipjack tunas was evaluated with the Levin´s standardized index by sex, size class, month, and time interval of capture (Krebs, 1999) . Index values ranged from 0 to 1; low values (<0.6) indicated specialist diets and higher values (≥0.6) indicated generalist diets (Labropoulou and Eleftheriou, 1997) .
where B i = Levin's index for predator I; ∑P 2 ji = the numerical proportion of the jth prey item in predator i's diet; and n = the number of prey categories.
The trophic level (TL i ) of yellowfin and skipjack tunas based on stomach contents was calculated with the equation proposed by Christensen and Pauly (1992) :
where TL i = the trophic level of predator species i; DC ji = the diet composition in weight, in terms of the prey proportion j in the predator diet i; TL j = the trophic level of all prey species j; and n = the number of prey groups in the diet.
The TL j for fish prey species (Table 1) were obtained from FishBase (Froese and Pauly 4 ), and those for cephalopods and crustaceans were obtained from Cortés (1999) . We calculated the mean and standard deviation (SD) to represent the variability of the individual TL i values.
Figure 1
Map of zones (1, 2, and 3) in the eastern tropical Pacific Ocean fished by the Mexican tuna fleet. The zones are based on trophic relationships between pelagic top predators according to Galván-Magaña (1999) An analysis of similarities (ANOSIM) and the similarity percentage (SIMPER) analysis were carried out to evaluate the differences in diet within and between each tuna species and to establish the contribution of each prey item, respectively, with PRIMER, vers. 6.1.6 (PRIMER-E, Auckland, New Zealand). For both analyses, we used permutation-randomization methods based on the Bray-Curtis measure of similarity, also termed "the percentage difference," which is related to the mean character difference (Clarke and Warwick, 2001 ). The Bray-Curtis method operates at the species level, and therefore the mean similarity between groups (e.g., between males and females) can be obtained for each tuna species.
Results from ANOSIM are represented on an R scale from +1 to −1. An R value of +1 indicates that all the most similar samples are within the same groups. An R value of 0 occurs if the high and low similarities are perfectly mixed and bear no relationship to the group and indicate a completely random distribution within the group. An R value of −1 indicates that the most similar samples are all outside of the groups. Values from ANOSIM between 0.2 and 1 with significance set at P<0.05 indicate that the null hypothesis can be rejected and the tuna species would have significantly different diets (Clarke and Warwick, 2001) . The SIMPER analysis breaks down the percentage contribution of each species to the observed similarity (or dissimilarity) between samples. Diet comparisons between yellowfin tuna and skipjack tuna were evaluated by comparing individuals captured in the same set within each area.
Results

Cumulative curves for size classes and prey species
We sampled 439 yellowfin tuna and 216 skipjack tuna from mixed schools. Yellowfin tuna were the largest (mean FL) in zone 2 and the smallest in zone 1. Skipjack tuna were similar in mean FL in all 3 zones (Table 2) . For all the yellowfin tuna samples, 381 stomachs (87%) contained food, and 58 (13%) were empty; whereas, for all the skipjack tuna samples, 109 stomachs (51%) contained food, and 107 (49%) were empty ( Table 3) .
Out of a total of 25 sets, yellowfin tuna occurred in all sets and skipjack tuna occurred in only 8 sets. For yellowfin tuna, 124 stomachs with food were obtained from 9 sets in zone 1, 91 were obtained from 7 sets in zone 2, and 166 were obtained from 9 sets in zone 3. For skipjack tuna, 75 stomachs with food were obtained from 5 sets in zone 1, 22 were obtained from 2 sets in zone 2, and 12 were obtained from 1 set in zone 3. Cumulative curves for the prey species for each zone showed that a sufficient number of stomachs were analyzed to characterize the diet of both species (Fig.  2) , with the CVs <0.05 in all areas.
Digestive state of prey species
The state of digestion of the prey of both yellowfin and skipjack tunas varied widely in each sample zone. In zone 1, both tuna species had the highest number of prey species in digestive level 2. In zone 2, prey species in digestion level 4 were the most common whereas in zone 3, prey species were most often at digestive level 3 (Table 4) .
Diet composition in zone 1
Yellowfin tuna prey items comprised 21 taxa (9 cephalopods, 2 crustaceans, and 10 fish species). The %MN and %MW indices indicated that the most important prey items were the pelagic red crab (48.9%; 54.2%), the jumbo squid (Dosidicus gigas) (20.7%; 16.6%), and the bigeye cigarfish (Cubiceps pauciradiatus) (13.4%; 13.9%), respectively. According to the IRI, pelagic red crab (61.1%) and jumbo squid (28.7%) were the most important components in the diet (Table 5 ). The diversity index was 1.4 and B i was 0.1. The trophic level of the stomach contents was estimated at 3.9 (SD 0.4). The ANOSIM test indicated a similar diet composition by sex (R=0.009), and differences among size classes (R=0.300, P=0.04; small individuals primarily consumed jumbo squid and pelagic red crabs; whereas large individuals primarily consumed Cubiceps spp.), months (R=0.360, P=0.01; in February individuals primarily consumed Cubiceps spp., jumbo squid, and pelagic red crab, in August they primarily consumed jumbo squid and pelagic red crab, in September they primarily consumed pelagic red crab and Auxis spp., in November they primarily consumed the Panama lightfish [Vinciguerria lucetia]), and capture times (R=0.310, P=0.01; in the morning individuals primarily consumed Cubiceps spp., in the afternoon they primarily consumed jumbo squid and pelagic red crab, and in the evening they primarily consumed Panama lightfish, jumbo squid, and pelagic red crab) (Fig. 3) . Skipjack tuna prey items comprised 5 taxa (2 cephalopods, 2 crustaceans and 1 fish species). The %MN and %MW indices indicated that the most important prey items were a krill species, Nyctiphanes simplex (60.0%; 60.0%), pelagic red crab (20.0%; 20.0%), and tropical two-wing flyingfish (Exocoetus volitans) (12.0%; 12.0%), respectively. According to the IRI, N. simplex (98.6%) and Argonauta spp. (1.3%) were the most important components in the diet (Table 5 ). The diversity index was 1.1 and the B i was 0.003. The trophic level of the stomach contents was estimated at 3.5 (SD 0.4). The ANOSIM test indicated a similar diet composition for the sexes (R=0.007), size class (R=0.094), months (R=0.018), and capture times (R=0.099).
Diet composition in zone 2
Yellowfin tuna prey items comprised 19 taxa (7 cephalopods, 1 crustaceans, and 11 fish species). Based on the %MN and %MW indices, the most important prey items were Argonauta spp. (33.1%; 20.6%), jumbo squid (27.9%; 27.7%), and Auxis spp. (9.5%; 19.9%), respectively. According to the IRI, jumbo squid (55.3%), Argonauta spp. (30.4%), and Auxis spp. (11.2%) were the most important components in the diet (Table 6 ). The diversity index was 1.3 and the B i was 0.1. The trophic level of the stomach contents was estimated at 4.7 (SD 0.2). The ANOSIM test indicated a similar Table 3 Summary description of samples of yellowfin tuna (Thunnus albacares) and skipjack tuna (Katsuwonus pelamis) caught in 2005 in the eastern tropical Pacific Ocean and used for stomach contents analyses. The size classes for yellowfin tuna were small (S), 1-85 cm in fork length (FL), and large (L), >85 cm FL. The size classes for skipjack tuna were small (S) 1-50 cm FL, and large (L), 50 cm FL). Capture times were morning (0900-1059 h), afternoon (1100-1359 h), and evening (1500-1600 h). TS=total stomachs; SWC=stomachs with content; n/d=no data. Skipjack tuna prey items comprised 7 taxa (1 cephalopod and 6 fishes). Based on the %MN and %MW indices, the most important prey items were tropical twowing flyingfish (79.5%; 79.8 %) and smallwing flyingfish (4.4%; 5.3%), respectively (Table 6 ). According to the IRI, tropical two-wing flyingfish (96.2%) and smallwing flyingfish (2.49%) were the most important components in the diet. The diversity index was 1.1 and the B i was 0.1. The trophic level of the stomach contents was estimated at 4.1 (SD 0.2). The ANOSIM test indicated a similar diet composition among sexes (R=0.009), size classes (R=0.020), months of capture (R=0.007), and capture times (R=0.120).
Diet composition in zone 3
Yellowfin tuna prey items comprised 23 taxa (8 cephalopods, 2 crustaceans and 13 fishes). The %MN and %MW indices indicated that the most important prey items were pelagic red crab (23.8%; 25.6%), Argonauta spp. (20.5%; 13.3%), and Panama lightfish (16.2%; 17.1%) respectively. According to the IRI, pelagic red crab (46.2%), Panama lightfish (24.7%), and Auxis spp. (17.4%) were the most important components of the diet (Table 7) . The diversity index was 1.3 and the B i was 0.1. The trophic level of the stomach contents was estimated at 4.5 (SD 0.4). The ANOSIM test indicated a similar diet composition among sexes (R=0.014), size classes (R=0.060), months of capture (R=0.120), and capture times (R=0.067).
Skipjack tuna prey items comprised 3 taxa (1 cephalopod and 2 fish species). The %MN and %MW indices indicated that the most important prey items were tropical two-wing flyingfish (66.7%; 66.8%) and Panama lightfish (29.2%; 25.0%) respectively. According to the IRI, tropical two-wing flyingfish (83.8%) and Panama lightfish (15.8%) were the most important components of the diet (Table 7 ). The diversity index was 0.8 and the B i was 0.6. The trophic level of the stomach contents was estimated at 4.1 (SD 0.3). The ANOSIM test indicated a similar diet composition for sexes (R=0.098) and months of capture (R=0.180), and differences between size classes (R=0.212, P=0.04; small individuals primarily consumed tropical two-wing flyingfish, and large individuals primarily consumed Panama lightfish and tropical two-wing flyingfish) (Fig. 5) . The ANOSIM test for capture times could not be performed because of the presence of empty stomachs.
Comparisons of diets
The ANOSIM showed differences in diet composition between yellowfin tuna and skipjack tuna in zone 1 (R=0.40, P=0.01), zone 2 (R=0.60, P=0.01), and zone 3 (R=0.25, P=0.01). A SIMPER analysis indicated changes in the contribution of each prey species between (Table 8 ).
Discussion
Digestive state of prey species
The variation in the degree of digestion of yellowfin tuna prey is related to the type of prey (fishes, cephalopods, and crustaceans) and the time of day when feeding occurs (Magnuson, 1969; Brill, 1987; Galvan-Magaña, 1988) . Olson and Boggs (1986) found that squid soft tissue passed through the stomach of yellowfin tuna in 5-10 h, whereas the beak was the only cephalopod structure that persisted in the stomach because it is composed of digestion-resistant chitin. In contrast, the soft tissue of fishes passed through the stomach in about 6-18 h. Tunas are captured primarily during the day in the ETPO (Ortega-García et al., 1992). The low occurrence of prey found in digestive state 1 in the morning, but high in the afternoon and evening, indicated peak feeding activity in the afternoon and evening for both tuna species. This finding coincides with observations reported for different areas of the ETPO (Ortega-García et al., 1992; Román-Reyes, 2005) . Because of the occurrence of prey in digestion state 2 and 3 (little fresh cephalopod tissue) in the afternoon and evening, we deduce that yellowfin and skipjack tunas actively feed on cephalopods at night and during early morning as they migrate to the surface (Olson and Boggs, 1986) . Also the presence of mesopelagic prey species in the diet of yellowfin and skipjack tunas may reflect the vertical migration habits of prey. Jumbo squid and Table 5 Summary of food categories in stomachs of yellowfin tuna (Thunnus albacares) and skipjack tuna (Katsuwonus pelamis) caught in 2005 in zone 1 of the eastern tropical Pacific Ocean, expressed as percentages of the mean proportion by number (%MN), mean proportion by weight (%MW), frequency of occurrence (%FO), and relative importance index (%IRI). x=not present in the diet; SWC=stomachs with content; TN=total number of prey examined; TW=total weight (in grams) of prey examined.
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Figure 5
Variation in diet composition, determined with the relative importance index (%IRI), in relation to size class (small, 1-50 cm in fork length [FL] , and large, >50 cm FL) of skipjack tuna (Katsuwonus pelamis) caught in 2005 in zone 3 in the eastern tropical Pacific Ocean. The numeral above each bar indicates the number of stomachs with content.
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Panama lightfish make vertical migrations to the epipelagic area at night to feed (Olson and Boggs, 1986; Galván-Magaña, 1988) . The presence of these prey species in the stomachs of yellowfin and skipjack tunas is likely the result of these movements into the epipelagic area where these tuna species forage. Diet composition by zone
The diets of both tuna species are consistent with previous reports for the ETPO; however, we found fewer prey species in the fish stomachs than those of previous studies (Galván-Magaña, 1988; Román-Reyes, 2000) . For yellowfin tuna, we recorded a total of 29 prey species, whereas Galván-Magaña (1988) reported a total of 53 prey species. For skipjack tuna, we recorded the occurrence of only 9 prey species, whereas Román-Reyes (2000) reported a total of 55 prey species in skipjack tuna stomachs. This variability in prey diversity may be associated with the number of stomachs analyzed; Galván-Magaña (1988) analyzed 1299 yellowfin tuna stomachs and Román-Reyes (2000) analyzed 611 stomachs of skipjack tuna. Despite the difference in the total number of prey species recorded, the most important prey have remained unchanged for both tuna species during the last 30 years in the ETPO. These include pelagic red crab, jumbo squid, and tropical two-wing flyingfish (Galván-Magaña, 1988; Román-Reyes, 2000 ; present study).
Crustaceans (primarily the pelagic red crab) were an important diet component by number, weight, and frequency of occurrence for both tuna species in zone 1, but only for yellowfin tuna in zone 3, which is in agreement with data reported by Alverson (1963) . The pelagic red crab is a crustacean that has a pelagic juvenile phase, is present in high abundance at that phase, and is distributed vertically throughout the water column on the west coast of Baja California Sur, Mexico (zone 1). This region is influenced by the California Current during spring and summer. The abundance of the pelagic red crab in zone 3 may also be related to the intensity of the California Current (Lavin et al., 1997) . Because the pelagic red crab is a passive swimmer, it can be transported to this zone by the California Current and therefore it becomes easy prey for several predators, including Panama hake (Merluccius angustimanus) (Balart and Castro-Aguirre, 1995) , silky shark (Carcharhinus falciformis) (Cabrera-Chávez-Costa et al., 2010), and dolphinfish (Coryphaena hippurus) (Tripp-Valdez et al., 2010) , in addition to yellowfin and skipjack tunas in both zones 1 and 3. Table 7 Summary of food categories in stomachs of yellowfin tuna (Thunnus albacares) and skipjack tuna (Katsuwonus pelamis) caught in 2005 in Zone 3 of the eastern tropical Pacific Ocean, expressed as percentages of the mean proportion by number (%MN), mean proportion by weight (%MW), frequency of occurrence (%FO), and relative importance index (%IRI). x=not present in the diet; SWC=stomachs with content; TN=total number of prey examined; TW=total weight (in grams) of prey examined.
Thunnus albacares
Katsuwonus pelamis (SWC=166) In zone 2, yellowfin tuna preyed primarily on cephalopods, followed by fishes and crustaceans. This is in agreement with previous reports for this species in the ETPO (Alverson, 1963; Galván-Magaña, 1988 , 1999 Román-Reyes, 2000 , 2005 Olson et al., 2014) . The main cephalopod prey items in the trophic spectrum of yellowfin tuna were jumbo squid of the family Ommastrephidae and Argonauta spp. of the family Argonautidae. Members of the Ommastrephidae family undertake nightly vertical migrations toward the surface to feed (Markaida-Aburto, 2001 ), whereas members of the genus Argonauta are mostly epipelagic species that feed primarily during the day (Nesis, 1977) . These cephalopods were also present in skipjack tuna stomachs, but were not important to their overall diet. In contrast, Nakamura (1965) reported that cephalopods were an important dietary component for skipjack tuna in the southern Pacific Ocean. Our data show, however, that skipjack tuna preyed primarily on fishes and yellowfin tuna preyed primarily on cephalopods in zone 2, highlighting the dietary difference between these 2 predatory species within this geographic region.
In all 3 zones (1, 2, and 3), the most important prey species of yellowfin and skipjack tunas were those that form aggregations, such as the pelagic red crab, jumbo squid, tropical two-wing flyingfish, and Panama lightfish; this finding confirms those of Galván-Magaña (1988) and Alverson (1963) . The prey consumed by yellowfin tuna were mainly epipelagic species (pelagic red crab in zones 1 and 3, and Argonauta spp. in zone 2), whereas mesopelagic species (e.g., jumbo squid in zones 1 and 2, and Panama lightfish in zone 3) were consumed in smaller amounts. Watanabe (1958) reported that yellowfin tuna fed mainly in the epipelagic zone, which is a direct result of its distribution in the water column (Eslava et al., 2003) . The main prey items found in skipjack tuna stomachs were epipelagic species (e.g., N. simplex, Auxis spp., smallwing flyingfish, and tropical two-wing flyingfish), confirming the information in Table 8 Results of the similarity of percentages analysis of taxa contributing to dissimilarity between yellowfin tuna (Thunnus albacares) and skipjack tuna (Katsuwonus pelamis) caught in 2005 in zones 1, 2, and 3 of the eastern tropical Pacific Ocean, including average number of individuals (Av. abund), dissimilarity with standard deviation ratios (Diss/SD), and percentage of contribution to the overall Bray-Curtis similarity between assemblages of the 2 tuna species (Contrib%). Román-Reyes (2000), whereas mesopelagic species (e.g., Panama lightfish) were consumed in zone 3. The presence of mesopelagic prey species in the diet of yellowfin and skipjack tunas may reflect the vertical migration of prey species. Jumbo squid and Panama lightfish make vertical migrations to the epipelagic area at night to feed (Olson and Boggs, 1986; Galván-Magaña, 1988) .
Comparison of diet between sexes and size classes
For both tuna species in all zones in our study, there were no significant differences in feeding between the sexes (ANOSIM values close to 0). Nakamura (1965), for skipjack tuna, and Alverson (1963) , for yellowfin tuna, reported high diet similarity for both sexes, suggesting that males and females frequented the same areas. Between size classes, however, our data show dietary differences: in zone 1 for yellowfin tuna and in zone 3 for skipjack tuna. Olson and Boggs (1986) reported that the yellowfin tuna trophic spectrum (diet) in the ETPO depends on predator size-a result that we found in our data as well. Trophic level values were 3.9 for smaller fish and 4.5 for larger fish.
Changes in diet related to size can be attributed to differences in the energy requirements at distinct ontogenetic stages in the development of a fish (Olson and Galván-Magaña, 2002; Graham et al., 2007) . For example, stage-specific dietary differences have been reported for skipjack tuna in other areas of the Pacific Ocean (Nakamura, 1965; Ankenbrandt, 1985) . Our report of juvenile skipjack tuna feeding mainly on fishes (e.g., zone 3) is in agreement with that of Román-Reyes (2000) , although the prey species differed. The main prey species of skipjack tuna in our study was the tropical two-wing flying fish, whereas Román-Reyes (2000) found the main prey species to be the mesopelagic fish V. lucetia. For yellowfin tuna, our data show that the juveniles fed on small abundant prey, such as pelagic red crab in zone 1, whereas adult yellowfin tuna fed on cephalopods or, as reported by Román-Reyes (2000), on fishes.
Diet variation of yellowfin and skipjack tunas is most likely to be related to the spatiotemporal distribution of the predators, and to the prey availability in different areas of the ETPO rather than to strict ontogenetic changes in predator size. Alverson (1963) mentioned that yellowfin tuna juveniles were usually found in coastal areas where crustaceans are abundant, while adults were found in oceanic areas where cephalopods and fishes predominate. Thus, the high diet similarity between tuna of different sizes and the temporal (monthly, yearly) variation reported previously (Alverson, 1963; Nakamura, 1965; Román-Reyes, 2000) indicate that the consumption of distinct prey by organisms of different sizes may be more closely related to spatiotemporal segregation (oceanic in contrast with coastal segregation) of predators and prey than to size-related developmental shifts, such as a shift because of the added energy demands for reproduction.
Diet breadth
Values of B i indicate that yellowfin and skipjack tunas are specialist predators; however, because the prey species were different in the 3 zones and form large aggregations (e.g., pelagic red crab and jumbo squid), these tunas can better be described as opportunistic predators, assuming that prey items are consumed in proportion to their abundance and availability in each zone. This conclusion is justified because tunas tend to feed often and on the most abundant prey (Olson and Boggs, 1986; Galván-Magaña, 1988) . For example, in zones 1 and 3, the yellowfin tuna diet was dominated by pelagic red crab, which is abundant in upwelling areas of subtropical zones, generating large quantities of food that span several trophic levels (Alverson, 1963; Blackburn, 1969; Galván-Magaña, 1988; CabreraChávez-Costa et al., 2010; Tripp-Valdez et al., 2010) . In zone 2, yellowfin tuna consumed large quantities of jumbo squid, which is one of the main prey species in the ETPO. The jumbo squid lives in the mesopelagic zone but can also be found over the continental slope, mainly in upwelling areas rich in nutrients (Ehrhardt et al., 1986; Markaida-Aburto, 2001 ).
Trophic levels
Our calculations indicated that the prey of skipjack and yellowfin tunas have trophic level values between 3.5 and 4.1, and between 3.9 and 4.6, respectively. These estimates are consistent with trophic position estimates for the diet of yellowfin and skipjack tunas in the ETPO based on stomach contents and stable isotopes of nitrogen (Olson and Watters, 2003; Olson et al., 2010; Hunsicker et al., 2012 ).
Interspecific comparison of trophic level shows that skipjack tuna feed lower in the food web than yellowfin tuna-a characteristic that is likely related to body size. Cortés (1999) mentioned that trophic levels of top predators increased with size, with larger predators having higher trophic levels than those of their smaller counterparts (Magnuson and Heitz, 1971) . Also, several authors noted that trophic level may increase intraspecifically as fish grow (Cousins, 1980 , Cohen et al., 1993 because they have access to different habitats . In addition, as predator size increases, prey capture efficiency also increases (Torres-Rojas et al., 2012). Our yellowfin tuna specimens were larger than our skipjack tuna specimens, and were thus able to capture a wider range of prey.
Comparisons of diet
The low diet similarity and interspecific differences in diet diversity and B i for co-occurring yellowfin and skipjack tunas indicate that the association between these 2 species is not because they feed on the same prey in the ETPO. Although both tuna species are considered epipelagic, and they were caught together in the same sets, their primary prey were different in all 3 of the geographic zones examined. One explanation for this was offered by Giller (1984) , who mentioned that subtle differences in size or morphological structures can lead to differences in the prey consumed and reduce competition and facilitate coexistence. In the case of yellowfin and skipjack tunas, diet differences may be related to differences 1) in the anatomy of the gill raker apparatus of the species (Ankenbrandt, 1985) , and 2) in body size . For example, Magnuson and Heitz (1971) attributed the presence of euphausids (e.g., N. simplex) in the stomachs of skipjack tunas in the ETPO and their absence in the stomachs of yellowfin tuna (that consumed fish) to the small size of euphausids and to the smaller gaps between gill rakers in skipjack tuna compared with those in yellowfin tuna.
Body size and morphological differences between these 2 tuna species, as described above, are possible reasons for the observed differences in the prey consumed that likely reduce competition and facilitate coexistence. Therefore, an alternative hypothesis to explain the occurrence of mixed schools is that these 2 tuna species accompany each other to protect themselves from predators, as has been suggested for dolphins and tunas (Scott and Cattanach, 1998) ; however, more studies on this issue should be carried out in order to clarify this unique behavior.
